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1
METHOD OF FABRICATING CAPACITOR
STRUCTURE

FIELD OF THE INVENTION

The present invention relates to a method of fabricating a
semiconductor structure, and more particularly to a method of
fabricating a capacitor structure.

BACKGROUND OF THE INVENTION

Nowadays, the trends of designing integrated circuits are
developed toward miniaturization. As the integration density
of'the electronic components is increased, the performance of
the integrated circuit is enhanced. For example, a metal-
insulator-metal (MIM) capacitor and various electronic com-
ponents are widely used in the high-density integrated circuit.
However, during the process of fabricating the small-sized
MIM capacitor, the MIM capacitor is readily polluted by
contaminants. Under this circumstance, the performance of
the MIM capacitor is deteriorated even to the point of break-
down of the MIM capacitor.

Therefore, there is a need of providing an improved MIM
capacitor to eliminate the above drawbacks.

SUMMARY OF THE INVENTION

In accordance with an aspect, the present invention pro-
vides a method of fabricating a capacitor structure. Firstly, a
substrate is provided. A first conductive layer, a first insula-
tion layer, a second conductive layer and a second insulation
layer are sequentially formed over the substrate. A hard mask
material layer is formed on the second insulation layer. Then,
the hard mask material layer is defined with a photo resist
pattern, so that a hard mask is formed. After the photo resist
pattern is removed, the second conductive layer is defined
with the hard mask, so that a first electrode of the capacitor
structure is formed.

In particular, a hard mask is formed by defining a hard
mask material layer with a photo resist pattern. After the
photo resist pattern is removed, a first electrode is formed
defining a second conductive layer with the hard mask. Con-
sequently, the contaminants caused by the retained photore-
sist material is minimized or eliminated, and the performance
of the MIM capacitor structure is enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become more readily apparent to those ordinarily skilled
in the art after reviewing the following detailed description
and accompanying drawings, in which:

FIGS. 1A~1C are schematic cross-sectional views illus-
trating a method of fabricating a capacitor structure according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention will now be described more specifi-
cally with reference to the following embodiments. It is to be
noted that the following descriptions of preferred embodi-
ments of this invention are presented herein for purpose of
illustration and description only. It is not intended to be
exhaustive or to be limited to the precise form disclosed.
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FIGS. 1A~1C are schematic cross-sectional views illus-
trating a method of fabricating a capacitor structure according
to an embodiment of the present invention.

Firstly, as shown in FIG. 1A, a first conductive layer 111, a
first insulation layer 112, a second conductive layer 113 and
a second insulation layer 114 are sequentially formed over a
substrate 100. Then, a hard mask material layer 115 is formed
on the second insulation layer 114. Then, a photolithography
process is performed to form a photo resist pattern 130 on the
hard mask material layer 115. After a portion of the hard mask
material layer 115 uncovered by the photo resist pattern 130
is removed, a hard mask is produced. However, in this
embodiment as shown in FIG. 1A, the second conductive
layer 113 is used as a stop layer. After a portion of the hard
mask material layer 115 and a portion of the second insulation
layer 114 uncovered by the photo resist pattern 130 are
sequentially removed, a hard mask 120 is produced. In other
words, a remaining hard mask material layer 1151 and a
remaining second insulation layer 1141 are collaboratively
constructed as the hard mask 120. The material or the con-
ductivity type of the substrate 100 and the materials of the first
conductive layer 111, the first insulation layer 112, the second
conductive layer 113 and the second insulation layer 114 may
be varied according to the practical requirements. In a case
that the hard mask material layer 115 and the second insula-
tion layer 114 are made of different materials, the hard mask
material layer 115 and the second insulation layer 114 have
etching selectivity with respect to the same etching recipe.

Inthe MIM capacitor structure of this embodiment, the first
conductive layer 111 and/or the second conductive layer 113
is made of titanium nitride (TiN), the first insulation layer 112
and the second insulation layer 114 are made of silicon
nitride, and the hard mask material layer 115 is made of
silicon oxide. Optionally, before the first insulation layer 112
is formed over the substrate 100, an interconnection structure
140 and an insulation structure 150 are formed between the
substrate 100 and the first conductive layer 111. For example,
various functional circuits (not shown) may be previously
formed on the surface ofthe substrate 100, and then the wiring
structure of the functional circuits is formed on the surface of
the substrate 100. For example, the interconnection structure
140 comprises a wiring insulation layer 141 and a third con-
ductive layer 142, which are produced by a damascene pro-
cess. After the interconnection structure 140 is formed, a third
insulation layer 151 and a fourth insulation layer 152 of the
insulation structure 150 are sequentially formed over the
interconnection structure 140. In an embodiment, the third
insulation layer 151 is made of the same material as the first
insulation layer 112 (e.g. silicon nitride), and the fourth insu-
lation layer 152 is made of the same material as the hard mask
material layer 115 (e.g. silicon oxide).

As known, the organic material that is used as the photo-
resist usually contains long-chain organic molecules with
active functional groups. If the photo resist pattern is used as
the etch mask, portions of the long-chain organic molecules
of the photo resist pattern are decomposed by the etchant
during the etching process. By analyzing the electrical defects
of the functional circuits, it is found that the decomposed
portions of the long-chain organic molecules are readily com-
bined with various materials to result in contaminants. Espe-
cially, if the contaminants are organic metal complexes from
the reaction of metal atoms and the long-chain organic mol-
ecules, it is very difficult to remove the organic metal com-
plexes because of the high stability of the molecular struc-
tures thereof. Moreover, since the metal atoms are electrically
conductive, if the organic metal complexes are retained on the
insulation layer of the functional circuit (e.g. on the sidewall
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of'the dielectric structure of the MIM capacitor structure), the
functional circuit can possibly suffer from a short-circuiting
problem and even has a breakdown. Based on the above
analysis results, the present invention utilizes the hard mask
as the etch mask to remove the conductive layer. Conse-
quently, the contaminants caused by the retained photoresist
material will be minimized or eliminated.

Next, please refer to FIG. 1B. The photo resist pattern 130
is removed. Then, by using the hard mask 120 as an etch mask
and using the first insulation layer 112 as a stop layer, an
etching process is performed to remove a portion of the sec-
ond conductive layer 113 uncovered by the hard mask 120.
Consequently, a first electrode 1131 of the MIM capacitor
structure is produced from the remaining portion of the sec-
ond conductive layer. Moreover, in order to reduce the num-
ber of the equipment-transferring steps, after a portion of the
hard mask material layer 115 and a portion of the second
insulation layer 114 uncovered by the photo resist pattern 130
are sequentially removed, the photo resist pattern 130 may be
in-situ removed in the same etching chamber. Meanwhile, the
first electrode 1131, the first insulation layer 112 and the first
conductive layer 111 are collaboratively constructed as a
MIM capacitor structure 1101.

Next, please refer to FIG. 1A-1C. The MIM capacitor
structure 1101 of FIG. 1B is disposed over the interconnec-
tion structure 140 and the insulation structure 150. Then, it is
necessary to integrate the MIM capacitor structure with the
interconnection structure of the functional circuit. After
another mask (not shown) is formed on the MIM capacitor
structure 1101, a portion of the first insulation layer 112, a
portion of the first conductive layer 111 and a portion of the
fourth insulation layer 152 are removed, and thus a dielectric
structure 1121 and a second electrode 1111 are formed. The
first electrode 1131, the dielectric structure 1121 and the
second electrode 1111 are collaboratively constructed as a
MIM capacitor structure 1102. Then, a fifth insulation layer
160 is formed on the MIM capacitor structure 1102 and the
interconnection structure 140. The fitth insulation layer 160 is
made of the same material as the hard mask material layer 115
(e.g. silicon oxide). Then, a plurality of contact plugs 11314,
1111a and 1424 are formed over the first electrode 1131, the
second electrode 1111 and the third conductive layer 142,
respectively. Consequently, the MIM capacitor structure
1102 can be integrated with the interconnection structure 140
of the functional circuit.

Please refer to FIG. 1C again. For forming the contact
plugs 1131a, 1111a and 142a, three openings (not shown)
should be previously formed over the first electrode 1131, the
second electrode 1111 and the third conductive layer 142,
respectively. A process of forming these openings includes
the following steps. Firstly, a portion of the remaining hard
mask material layer 1151 and a portion of the fifth insulation
layer 160 are removed. Then, a portion of the second insula-
tion layer 114, a portion of the dielectric structure 1121, and
a portion of the third insulation layer 151 are removed.

Since the remaining hard mask material layer 1151 and the
fifth insulation layer 160 are made of the same material (e.g.
silicon oxide), the portion of the remaining hard mask mate-
rial layer 1151 and the portion of the fifth insulation layer 160
can be simultaneously removed. Moreover, as mentioned
above, the first insulation layer 112, the second insulation
layer 114 and the third insulation layer 151 are made of the
same material (e.g. silicon nitride), and the etching rates of
the hard mask material layer 115 and the second insulation
layer 114 are different. During the process of removing the
portion of the remaining hard mask material layer 1151 and
the portion of the fifth insulation layer 160, the remaining
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second insulation layer 1141, the dielectric structure 1121
and the third insulation layer 151 are used as the stop layers.
Consequently, the dielectric structure 1121 of the MIM
capacitor structure 1102 is not over-etched. Then, the por-
tions of the second insulation layer 1141, of the dielectric
structure 1121 and of'the third insulation layer 151 are simul-
taneously removed, respectively, so that the openings are
created. After a conductive material is filled into the openings,
the contact plugs 11314, 1111a and 1424 are formed.

From the above descriptions, the present invention pro-
vides a method of fabricating a capacitor structure. In accor-
dance with the present invention, a hard mask is formed by
defining a hard mask material layer with a photo resist pat-
tern. After the photo resist pattern is removed, a first electrode
is formed by defining a second conductive layer with the hard
mask. Consequently, the contaminants caused by the retained
photoresist material will be minimized or eliminated. More-
over, since the materials of the hard mask material layer and
the dielectric structure of the MIM capacitor structure have
etch selectivity, the possibility of over-etching the MIM
capacitor structure 1102 will be minimized. Consequently,
the number of the etching process steps is reduced, and the
performance of the capacitor structure is enhanced.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. A method of fabricating a capacitor structure, the method
comprising steps of:

providing a substrate;

sequentially forming a first conductive layer, a first insula-

tion layer, a second conductive layer and a second insu-
lation layer over the substrate;
forming a hard mask material layer on the second insula-
tion layer, wherein the second insulation layer and the
hard mask material layer have etching selectivity;

patterning the hard mask material layer and the second
insulation layer with a photo resist pattern, thereby
forming a patterned hard mask layer and a patterned
second insulation layer both having aligned edge side-
walls;

removing the photo resist pattern; and

defining the second conductive layer with the patterned

hard mask layer and the patterned second insulation
layer, thereby forming a first electrode of the capacitor
structure, wherein in the step of defining the second
conductive layer with the patterned hard mask layer and
the patterned second insulation layer, the first insulation
layer is used as a stop layer, and further comprising a
step of removing a portion of the first insulation layer
and a portion of the first conductive layer, thereby form-
ing a dielectric structure and a second electrode.

2. The method according to claim 1, wherein the first
insulation layer and the second insulation layer are made of
the same material.

3. The method according to claim 1, wherein in the step of
forming the patterned hard mask layer, the second conductive
layer is used as a stop layer, wherein after a portion of the hard
mask material layer and a portion of the second insulation
layer uncovered by the photo resist pattern are sequentially
removed, the photo resist pattern is in-situ removed.
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4. The method according to claim 1, wherein before the
first insulation layer is formed, the method further comprises
a step of forming an interconnection structure and an insula-
tion structure over the substrate.
5. The method according to claim 4, wherein the step of 5
forming the interconnection structure comprises sub-steps of:
forming a wiring insulation layer over the substrate; and
forming a third conductive layer within the wiring insula-
tion layer.
6. The method according to claim 5, wherein the step of 10
forming the insulation structure comprises sub-steps of:
forming a third insulation layer on the interconnection
structure; and
forming a fourth insulation layer on the third insulation
layer, wherein the third insulation layer and the fourth 15
insulation layer are constructed as the insulation struc-
ture.
7. The method according to claim 6, wherein the third
insulation layer is made of the same material as the first
insulation layer. 20



